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Table 1 Linear ranges, detection limits, precision and recovery of the method for copper concentrates treated with HNO, — HCl — HF
-H,0, system
M (% )

i HK e LIPS 2R xR MEE RSD P -

i R (ng/mL) (mg/ke) | (mgke) | (%) WRE | e

0.025pg 0.05pg
Ga y=0.0161x +0.0034 0.9999 0.050 ~100.0 0.2 2.80 0.6 99.5 95.2
Ge ¥ =0.0075x —0.0007 0.9999 0.050 ~100.0 0.02 0.74 2.7 101.9 97.2
Se y =0.00027x +0.00147 0.9991 0.50 ~500.0 1.00 102.96 0.8 105.7 99.6
Cd y =0.0035x +0.0024 0.9999 0.050 ~100.0 0.03 7.53 0.9 104.2 101.6
In ¥ =0.0480x —0.0053 0.9999 0.050 ~100.0 0.002 1.73 1.5 99.0 95.2
Te y=0.0029x +0.0016 0.9999 0.050 ~100.0 0.05 5.82 2.1 120.0 114.7
La y=0.0547x +0.0021 0.9999 0.050 ~100.0 0.03 16.39 0.5 99.9 91.5
Tl y =0.0298x +0.0386 0.9999 0.050 ~100.0 0.04 0.60 1.8 98.0 94.2
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Table 2 Comparison of detection limits, precision and recovery 30
of the method for copper concentrate treated with HCI 25 B
—HNO, (3 : 2) and HNO, — HCl - HF - H, O, 2 0l \/\/
system ﬁ 5L T v —
EhHR - MR (3 : 2) fiAR — $hAR - SR - AL #% 10l .
e iR _——
siz | B ORSD Bl | RpB RSD [k R N
(mg'kg) (%) (%) | (mgkg) (%) (%) ol : .
o O AR 24 SRR SR SHRAL GHRA
€ . . . . .
Se | 1.30 13.4 111.9 | 1.00 0.8 105.7 160 40
Cd - - - 0.03 0.9 104.2 ol —— e s %';
In | 0.005 2.9 91.8 | 0.002 1.5 99.0 _ Che £
5120 | 1305
Te | 0.03 3.9 843 0.05 2.1 120.0 & 1
2100 | 1254
La | 0.01 4.4 80.2 0.03 0.5 99.9 = B
T | 0.005 6.2 979 | 0.04 1.8 98.0 a 123
8 60f L 156
E wf T g
3 — S VN >~ R‘;‘@_}__ﬂ_ﬁ’
2.1.4  GRBLE RO Z I AT EIRRI LX ol P
AL LA EAE SRR, 12mL R - #hR - & 0 = 0

R - R R (AR 3 12 12 1) G A& TN
WFEERGH H Ga ,Ge \Se ,Cd \In Te La TI FIHi¥E
H1Ga,Ge ,Se ,Cd . In La  TIR % , £h 2 — i fR
(3:2) B3 A # A 0 H Te (110 5 o 78 97 1€ £ 19

K1
Fig. 1

VARF] 2485 3HRF 4485 SHRF 6417

sample dissoluted with six digestion reagents

AB.CFERME 6 R B H bR C BN s R

Analytical results of the target elements in A, B, C

3 RN BT IR M EE AR DR SRR
Table 3  Linear ranges, detection limits, precision and recovery of the method for zinc concentrates analysis
IR (% )
ﬁiﬁﬁfl [l 51 )5 I R A Kt R I RSD Ga .Ge Se )'Jﬂj/fii Ga .Ge Se ﬁﬂiﬁii
JEH (ng/mlL) (mg/kg) | (mgkg) | (%) Spg, HATE | 10pg, KATE
JpRdE 0. Tug JbREE 0. 2 g
Ga y=0.0174x - 0. 0024 0.9999 0.050 ~100.0 0. 80 171.62 0.1 116.6 110.6
Ge y =0.0078x +0. 00005 0.9999 0.050 ~100.0 0.05 72.72 5.2 113.6 91.3
Se ¥ =0.00030x —0.00028 0.9999 0.50 ~500.0 2.00 24.21 2.1 108.7 113.2
In ¥ =0.0521x -0.0076 0.9999 0.050 ~100.0 0.01 2.16 2.5 96. 8 99.4
Te ¥ =0.0033x - 0. 0005 0.9999 0.050 ~100.0 0.40 0.11 9.8 109.7 115.5
La ¥ =0.0590x - 0. 0056 0.9999 0.050 ~100.0 0.10 2.47 2.3 85.5 89.8
Tl ¥ =0.0293x - 0.0026 0.9999 0.050 ~100.0 0.05 0.89 1.8 102.8 102.3
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VR, B REA R I AN AE 23 BT A5 5 1) S S B A
R ISR , 3 HLAT DA IE — R St 7
TRSRST AL A5 R RONE 25 BN | L 88 A0 R 2 [ R
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H(E AL Ky 60000cps, 5 Ffif A, FI'” Rh /£ Ga,
Ge.Se .Cd.In Te La [y FR, Th /£ TI () FR;
PR IIE BT TR ERS 0 FEERE 138 F .
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B, n]SE B Z AR HOC R Y R N E o ASBIFFE LA

A4 TR IR A3 DL % T B AR B e T F

Table 4 Determination isotope, relative intensity, mass spectrum interference and correction equation of target elements

T ER W5 5T 5 AEXT=F B R4 BAE T
Ga 68.9257 60. 1 ArP, ClO,, VO, La**, Ce** Ba** 6 La*"* -
Ge 73.9219 36.3 Se, AtS, Nd**, Sm**, Sm** - 0.116645 x7Se
Se 81.9167 8.7 Kr, BrtH, Ar,H, Ho**, Dy** Er** — 1.007833 x8Kr
cd 110. 904 12.8 MoO -
In 114.904 95.7 Sn, MoO — 0.014038 x''8Sn
Te 127.905 31.7 Xe, MoO, - 0.072617 x'*Xe
La 138.906 99.9 - -
Tl 204.975 70.3 - -

T = R B T B SR R 7 Rk I B B T4
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Determination of Dispersed Elements in Metal Sulfide Ores by Inductively
Coupled Plasma — Mass Spectrometry Using Microwave Digestion

SHI Jin —min', FENG Ting —jian®, FU Peng — fei' , TANG Yong —wu’, CHEN Da - lin’ ,
ZHANG Chun — xiang®, YAN Na'*
(1. Lanzhou Customs Technology Center, Lanzhou 730010, China;

2. Gansu Co. , LTD, China Inspection and Certification Group, Lanzhou 730010, China;

3. Jinchuan Group Co. LTD, Jinchuan 737100, China)

HIGHLIGHTS

(1) The simultaneous determination of multiple dispersed elements in metal sulfide ores was realized by microwave
digestion — ICP — MS.

(2) Total amount of solid solution, internal standard, mass spectrum interference removal conditions were
consistent in three types of metal sulfide ores.

(3) The choice of pretreatment acid was the key to the determination of metal sulfide ores by microwave digestion —

ICP - MS.
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ABSTRACT

BACKGROUND: Copper nickel and zinc concentrates all belong to metal sulfide minerals and are import
commodities. The rapid and accurate analysis of dispersed elements in these samples is beneficial to the
comprehensive utilization of mineral. However, the content of rare elements in such minerals is extremely low, and
the properties of each element are different. In particular, Ge and Se cannot be precisely determined due to
volatilization loss in wet digestion, and it is difficult to simultaneously measure various elements.

OBJECTIVES: To simultaneously determine the various elements in the sample.

METHODS ; Copper, zinc and nickel concentrates were used as representative sulfide minerals. The sample was
pre — sealed by microwave digestion, and the content of rare elements was determined by inductively coupled
plasma — mass spectrometry (ICP — MS). Simultaneous determination of various elements was realized. The
experimental conditions of total solid solution, internal standard, mass spectrum interference elimination and
pretreatment acid selection were compared.

RESULTS: During determination of Ga, Ge, Se, Cd, In, Te, La and Tl by microwave digestion in ICP — MS
analysis, total amount of solid solution, internal standard, and mass spectrum interference elimination conditions
was consistent in three types of metal sulfide ores. Unfortunately, the acid types were not the same. HNO, — HCI -
HF - H, O, system was more suitable for measuring Ga, Ge, Se, Cd, In, Te, La and Tl in nickel and zinc
concentrates, and Ga, Ge, Se, Cd, In, La and Tl in copper concentrate. The recoveries of these elements ranged
from 85. 5% to 116. 6% . The HCl — HNO, (3 : 1) system was more suitable for detecting Te in copper
concentrate.

CONCLUSIONS: The method is simple, and the simultaneous determination of multiple elements is realized.

Other factors of the method are the same, the acid digestion system is the key to selection.

KEY WORDS: nickel concentrate; copper concentrate; zinc concentrate; rare and dispersed elements; acid

dissolution ; aqua regia; microwave digestion; inductively coupled plasma — mass spectrometry
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